INTRODUCTION {#cesec10}
============

In 1921, Holger Scheuermann described a kyphotic juvenile vertebral alteration that could be distinguished from postural kyphosis based on its peculiar rigidity[@bib1]. He observed that the kyphotic deformity was rigid, and associated with wedging of vertebral bodies[@bib2]. Diagnostic criteria were established in 1964 by Sorensen, who came up with a definition of Scheuermann\'s kyphosis (SK) as a rigid kyphosis that includes three adjacent vertebrae, with wedging of five or more degrees[@bib2]. Other criteria were also used, such as an increase in thoracic kyphosis, irregularity of the endplates, increase in disc space and/or characteristic radiographic signs (kyphosis, vertebral wedging, Schmorl\'s nodes)[@bib3], [@bib4]. In 1987, Drummond suggested that the diagnosis of the disease be based on adjacent wedging of two or more vertebrae[@bib5]. More recently, Bradford modified the previous diagnostic criteria, defining SK as thoracic kyphosis of more than 45° and at least one wedged vertebra[@bib6] ([Figure 1](#fig1){ref-type="fig"}).

The etiology of SK remains undefined, but is apparently multifactorial in nature, with a dominant autosomal genetic component of high penetrance and variable expressivity, with 74% heredity[@bib7]. Its origin has been associated with avascular necrosis of the epiphyseal rings[@bib1], juvenile osteoporosis[@bib8], [@bib9] and cartilaginous matrix disorder, all still with conflicting results. Other etiologies reported include shortening of the ischiotibial musculature[@bib9] and mechanical factors that would trigger secondary remodelling responses, such as reduction of sternal size[@bib2], [@bib9], [@bib10], [@bib11], [@bib12].

According to literature, the incidence of SK ranges from 0.04 to 8.3% of the population[@bib2], [@bib13]. It is a deformity that typically occurs at the end of juvenile age, more commonly between eight and 12 years, and occurs in its most rigid form between 12 and 16 years of age. The majority of studies do not show any difference between the sexes, and the incidence in men and women is similar, varying only in terms of the criteria for inclusion of each trial[@bib14], [@bib15].

The treatment for SK is still controversial. The tendency is to consider surgical treatment for patients with kyphotic curves of over 75°, with refractory pains on conservative treatment, unacceptable deformities, neurological deficits, and cardiopulmonary impairment[@bib16].

Isolated posterior arthrodesis presented significant failures, perhaps due to the lack of anterior support, inadequate initial correction, failure of the implant, fixation on the side of the tension, or due to insufficient length of the fixation[@bib12], [@bib17]. To resolve these problems, dual approach arthrodesis was proposed, with discectomy, release of the anterior-posterior longitudinal ligament, and intersomatic arthrodesis in the first phase of surgery, and arthrodesis and instrumentation in the second phase. Due to the morbidity associated with the dual access, the development of third-generation implants, and materials for their application, associated with average corrections of 59% of the curves without significant loss, the exclusively posterior approach associated with Smith-Petersen osteotomies has been considered a therapeutic option, already with good results in literature[@bib17], [@bib18], [@bib19].

Considering the controversy surrounding the best form of surgical treatment, a study was proposed involving patients diagnosed with SK, to compare the results of treatment using the dual approach (AA + PA) with treatment using posterior approach associated with Smith-Petersen osteotomies (PA + SPO).

The aim of this study is to compare the characteristics of the sample in question, the results of the treatment in terms of the improvement in pain using the VAS, the degree of correction of the deformity, and the patient\>s satisfaction with the procedure.

MATERIALS AND METHODS {#cesec20}
=====================

The survey was carried out at the Professor Matta Machado Orthopedic Clinic of Hospital da Baleia/Fundação Benjamin Guimarães and at Hospital Governador Israel Pinheiro of the Instituto de Previdência dos Servidores do Estado de Minas Gerais (IPSEMG). All the patients were submitted to surgical treatment by the same team of surgeons. The proposed study was submitted to, and accepted by the Research Ethics Committee (protocol no. 13/2009). The patients were given instructions and signed a term of consent before taking part in the study.

The diagnostic criteria of SK used were: patients with rigid radiological thoracic kyphosis of over 45° and at least one wedged vertebra[@bib6]. The indications for surgery were: patients with rigid curves of more than 75°, curves of more than 55° with refractory pain to conservative treatment, and/or major aesthetic deformity reported by the patient. Patients with flexible thoracic kyphoses, evaluated by means of physical examination and radiography in hyperextension, were excluded, as were patients with kyphosis of other causes.

Due to the wide variation in prevalence of the deformity between populations, and the lack of studies comparing forms of treatment, sample calculation was not possible. Therefore, we opted to use a sample projected to a work of greater international importance, involving 39 patients, which was conducted partly retrospectively and partly prospectively, and published in 2006 by Lee *et al*[@bib20]. Our sample consisted of 28 patients, divided into two groups, and operated at different times. At the end, the two groups were compared, adopting a comparative, case control methodology with transversal analysis. The first group consisted of patients diagnosed with SK treated with AA + PA, evaluated retrospectively, and the second group consisted of patients treated exclusively with PA + SPO, and operated prospectively.

The first group consisted of a total of 19 patients submitted to surgical treatment with AA + PA for SK in the period from February 2001 to May 2007. The age bracket in this group was 13 to 35 years, with a mean age of 19 years; 19.6 years for the male patients and 17.4 for the female patients. Follow-up time ranged from 12.6 to 61.7 months, with a mean of 37.5 months. The second group consisted of nine patients submitted to surgical treatment with PA + SPO with follow-up from October 2007 to May 2010. The ages ranged from 16 to 51 years, with a mean age of 27.3; 24.4 years for the males and 51 for the female patients. The follow-up time ranged from 13 to 31 months, with a mean of 22.8 months. The distribution of the groups by sex and age is shown in [Table 1](#tbl1){ref-type="table"}.

In the selection of the levels of instrumentation, we considered the proximal level as the vertebra that represented the thoracic kyphosis transition with the cervical lordosis, generally T2 or T3, and the distal level of fusion as the most proximal vertebra that touched the posterior sacral vertebral line, generally from L1 to L3.

The patients in the first group were submitted to anterior release by conventional thoracotomy and intersomatic fusion, followed by posterior arthrodesis with posterior instrumentation using the system of pedicle screws. The anterior approach was performed by means of left thoracotomy with the patient positioned in right lateral decubitus with costectomy, anterior release (anterior and posterior longitudinal ligament), complete discectomy at the maximum levels necessary and intersomatic arthrodesis without instrumentation of an average of seven discs at the site of the deformity. Only resected rib grafts were placed in the disc spaces. In the period between the two procedures, the patients were kept hospitalized and at rest, without any orthopedic brace and/or traction. After an average of seven days, the patients were submitted to the second surgery, when third generation posterior instrumentation was performed with autologous graft from spinous, transverse and laminous processes. With the patient in ventral decubitus, after a posterior access and subperiosteal dissection, resection of the lower facets was performed at all the levels of arthrodesis ([Figure 2](#fig2){ref-type="fig"}).

The intersection of the upper border of the transverse process and the lateral vertical line of the upper articular facet was used as the point of insertion of the pedicle screw[@bib21]. Using a 3.2 mm low-rotation trepan drill, and by manual perception of bone resistance, the drill was advanced slowly, always checking, by small incursions, for the presence of bone at the end of the orifice. A flexible probe was used to confirm the presence of bone in the upper, lower, medial, lateral walls and at the end of the access route[@bib22]. The screws were then introduced using the freehand technique -- unlike the method reported by Kim *et al*[@bib23] in which a drill was used to make the access route[@bib21]. Screws were placed bilaterally or unilaterally at each level. The position of the screws was checked by radiographic study in lateral and anterior-posterior views. The stems were moulded and then fixed in the proximal segments. Using the "cantilever" manoeuvre, the deformity was reduced and the stems were fixed in the distal segments. Compression manoeuvres were used in the apex of the curve. The number of transversal devices varied as necessary during surgery. In the second group, the instrumentation was performed with posterior arthrodesis, where the difference was due to the osteotomies performed at the apex of the deformity of an average of five segments. After performing the posterior closing-wedge (Smith-Petersen) osteotomies in the segments of the apex of the deformity, the stems were moulded and the deformity was corrected by the same "cantilever" manoeuvre, with compression at the level of the apex ([Figure 3](#fig3){ref-type="fig"}).

No somatosensitive monitoring studies or evoked medullary potential studies were carried out in any of the cases due to the lack of available conditions for their performance. All the patients who did not have access to monitoring were submitted to the Stagnara wake-up test, after reduction of the deformity.

No orthopedic brace was used on the patients in the postoperative period.

The patients were followed up every 15 days in the first month after surgery. New evaluations were carried out at three, six, and twelve months after surgery. The evaluations were carried out by members of the team, and consisted of a medical examination and questionnaires to evaluate pain, by the visual analogue scale (VAS), the patients' satisfaction with the procedure, and any complications. The radiological exams were executed for each outpatient control follow-up visit, according to indication.

For the decision as to which statistical tests to perform, the normality of the variables was tested, i.e., whether they followed a normal distribution. With an error of five percent, the variables sex, initial kyphosis, final kyphosis, correction (degrees) and follow-up (months) followed a normal distribution. The variables age, level of posterior fusion, and number of screws did not follow this behaviour. Thus, for the variables that were considered normal, a parametric test will be used, in this case, the T-test, to test whether there is any difference between the means of the variables. For the non-normal variables, a nonparametric test will be used, the Mann-Whitney test. The purpose of this treatment is to level out the sample and avoid any statistical bias.

RESULTS {#cesec30}
=======

There was no statistical difference between the sexes of both groups (*p* = 0.2). Comparing the ages of both groups, a statistical difference was noted (*p* = 0.02). The comparison between the degree of initial and final average kyphosis between the sexes of both groups is shown in [Table 2](#tbl2){ref-type="table"}.

In the preoperative evaluation of the patients in the first group, the degree of thoracic kyphosis ranged from 66° to 94° with an average of 77.6°. After the postoperative follow-up, the degree of kyphosis found in the patients was 23° to 50°, with an average of 35.8° ([Table 3](#tbl3){ref-type="table"}).

In the evaluation of the second group, the degree of kyphosis in the preoperative period ranged from 57° to 90°, with an average of 77.58°. After the posterior approach, an average correction of 28.56° was obtained, with a degree of final kyphosis ranging from 33° to 60°, and an average of 44.3° ([Table 4](#tbl4){ref-type="table"}).

In the comparative analysis between the two groups ([Table 5](#tbl5){ref-type="table"}), there was statistical significance for the variables age (*p* = 0.02), postoperative kyphosis (*p* = 0.04), and the degree and percentage of correction of the kyphosis (*p* = 0.001), but there were no differences for preoperative kyphosis (*p* = 0.33).

Of the patients in the first group, 17 had preoperative pain. The average score obtained in the preoperative evaluation was 6.6. After follow-up, the patients were evaluated by the same VAS method; only three patients complained of residual pain, and the average postoperative score was 0.6. In the second group, eight patients presented preoperative pain, with an average score of 5.6. After the follow-up, only one patient complained of residual pain, and the final average score was 0.5.

In terms of patient satisfaction with the surgical procedure, 94.7% of those in the first group were satisfied, and just one was dissatisfied, reporting that they would not submit again to the surgical intervention if indicated to do so. In the second group, patient satisfaction was 100%.

In terms of complications associated with the procedures, the following were identified for the first group: one case of early surface infection of the surgery wound, treated with oral antibiotic in outpatient regimen; one case of asymptomatic breaking of two screws; one case of late infection at 24 months after surgery, which was resolved with the removal of the implant without losing the correction of the deformity; one case of loosening of the distal implant, requiring a new surgical intervention with extension of the level of the arthrodesis; three patients with complaint of residual pain, and two of these patients reported sporadic pain, which did not require any treatment. The second group presented a case of residual pain of lesser intensity than in the preoperative period, one case of seroma in the postoperative period, improving with local measures, and one case of discomfort at the site of the implants, opting to remove them two years after the procedure, with resolution of the pain.

DISCUSSION {#cesec40}
==========

The treatment of SK remains controversial. Since Bradford *et al*[@bib24] carried out the first report on posterior fusion in the treatment of SK, the surgical indications, as well as the operating techniques, have altered significantly. In various case series, pain and deformity are adopted as the criteria for surgical indication[@bib4], [@bib22], [@bib24]. Some studies indicate surgery for cases of pain that is refractory to conservative treatment[@bib25], [@bib26]. Lowe recommends surgery in SK in adults with kyphosis greater than or equal to 75°, where there is persistent pain, despite conservative treatment, and in those with deformities affecting the patient\'s aesthetic appearance[@bib25]. Murray *et al*[@bib15] reserve the surgical option only for cases of unacceptable pain and deformity. The criteria used in this study were in keeping with literature.

The efficacy of combined treatment of SK by the anterior and posterior route is well documented in literature. Bradford *et* al[@bib24], in 1980, described average correction of 77° to 41° at the end of the procedure, and 47° at the end of the follow-up of 24 patients. Herndon *et* al[@bib27] evaluated the results of dual access in 13 patients with release and anterior arthrodesis followed by posterior fusion, obtaining average correction of 51° and satisfactory pain relief in 12 patients. Lowe[@bib25] analyzed 24 patients submitted to the anterior approach with posterior fusion, and obtained good results without significant loss of correction or complications at the end of the 19-month follow-up. Lim *et* al[@bib28], evaluating 23 patients, described correction of 37° at the end of the procedure, and 32° at the end of the follow-up. In our study, we retrospectively operated on 19 patients with initial average kyphosis of 77.6° through the dual approach, over a period of 37.5 months, obtaining 53.2% correction at the end of the treatment (average 41.7°).

In relation to the posterior approach in isolation, the debate still continues, as the results of literature are conflicting. The first reports came from Bradford *et* al[@bib14]; but with loss of good results of correction in 16 of the 22 patients. Papagelopoulos *et al*[@bib29] compared the treatment in 13 patients submitted to posterior instrumentation versus eight patients treated by the dual approach route, obtaining a correction rate of 42% (68.5° to 40°) with loss of correction in this group of 5.8° over 4.5 years of follow-up. Otsuka *et* al[@bib26], with the posterior approach using the system of Harrington, obtained average correction of 45% (71.4° to 39.3°) with a loss rate of 7.8%. Johnston *et al*[@bib30], in a retrospective study, evaluated 27 patients divided into two groups based on the dual approach, and the posterior approach (46% x 53%). There was no difference in the correction obtained after surgery or after end of the follow-up. Lee *et al*[@bib20] compared 18 patients with SK submitted to posterior spinal fusion using a pedicle screw with 21 patients in whom anterior-posterior fusion was carried out through the use of combined constructions using hooks or screws/hooks. In the first group, the average degree of correction was 52% after a mean follow-up time of 31.7 months, while in the second group of patients, the average correction was 54.6%, after a mean follow-up of 67.5 months[@bib20]. In the present study, the patients in whom the posterior approach was used had a mean follow-up of 22.8 months, with initial kyphosis of 72.9° and a final average of 44.3°, obtaining 39.3% of correction (28.6° average correction).

Lim *et al*[@bib28], in a retrospective follow-up of 23 patients, 20 treated by the dual route and three by the posterior route, obtained 43% of minor complications, 17% of major complications, and 0% of life-threatening complications. Two other studies evaluating the posterior approach using the hook system showed loosening of the hooks in three cases out of 27, requiring two subsequent surgeries[@bib4]; in the other study, there was breaking of the stem in one case out of 30, requiring revision surgery and resulting in one patient with loss of correction, and pain[@bib31]. In the series of Lee *et al*[@bib20] there were no complications related to the instrumentation. In our series, we demonstrated seven complications in the group in which the double approach was used (one case of early surface infection of the surgery wound; one case of asymptomatic breaking of two screws; on case of late infection 24 months after surgery; one case of loosening of the distal implant; and three patients with complaints of residual pain), and only three in the group in which the posterior route was used (one case of residual pain, another of discomfort around the implants, and another with a wound seroma after surgery). The frequency of complications varies depending on the criteria adopted by the researchers, but this has not been validated.

In the comparative evaluation of the two groups in this study, better correction of the deformity was found in the cases operated by the traditional technique (AA + PA), with statistical difference in the postoperative curves, and in the degree and percentage of correction of the deformity (*p* = 0.01). This may be explained by the learning curve required for the new technique, the incipient number of patients in which the second technique was used, and perhaps, the presence of older patients, with more rigid curves, in the posterior approach group. There were no differences between the sexes in the comparison between the two groups; however, there was a distinction for the variable age, with group II (PA + SPO) being, on average, eight years older, a fact that was also demonstrated in the work of Lee *et al*[@bib20]. Although not tested statistically, there was a higher absolute number of complications, though less severe, in group I, with higher levels of satisfaction achieved in group II. No valid questionnaire of satisfaction and improvement in quality of life was applied in this study; however, for the next follow-up, the SRS-22 questionnaire will be applied.

The results of this study demonstrate the importance of study with randomized, prospective follow-up with greater homogenization of the samples, to adequately determine which is the best choice in terms of approach. However, these choices are hampered by the minor prevalence of the disease, and the restricted criteria for surgical indication.

The posterior approach associated with osteotomies has been a recent option, given the association between technical improvements (osteotomies) and the development of fixation systems, resulting in shorter surgery times, and fewer comorbidities and associated complications (blood transfusion, decrease in pulmonary capacitance, hospitalization times, and recovery times). The objective of any correction is to offer the patient an improvement in sagittal and coronal balance, centralizing the whole segment above the pelvis, and this has been achieved by means of a single approach. Although there was no objective control in this study, it was noted that there were less systemic repercussions in patients when this approach route was used, with faster, less painful rehabilitation. We highlight the fact that the sample is still small, and the need for longer follow-up of cases, following surgery, as well as better training in the practice of osteotomies, and new studies to evaluate the real role of posterior instrumentation associated with Smith-Petersen osteotomy as a method of treating SK.

CONCLUSION {#cesec50}
==========

The two surgical techniques studied proved to be adequate for the treatment of Scheuermann\'s kyphosis. In the present study, we observed greater correction of the deformity with the double approach, while in the second group there were better results in the VAS pain scale, and a lower percentage of complications. For a more viable result, a program of prospective, randomized work is needed, to homogenize the groups and eliminate differences in the sample.

Study conducted at Professor Matta Machado Orthopedic Clinic of Hospital da Baleia/Fundação Benjamin Guimarães and at Hospital Governador Israel Pinheiro/IPSEMG -- Belo Horizonte, MG.
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![A) Clinical presentation; and B) Radiographic presentation of Scheuermann\'s kyphosis.](gr1){#fig1}

![Dual approach AA + PA: A) Anterior approach with discectomy and arthrodesis without instrumentation; B) Posterior approach with correction of the deformity, instrumentation and arthrodesis.](gr2){#fig2}

![Exclusively posterior approach associated with Smith-Petersen osteotomies (PA + SPO): A) Radiographic presentation of the deformity; B) Posterior approach with introduction of screws under fluoroscopic guidance; C) Smith-Petersen osteotomies at the apex of the deformity; D) Introduction of the stem and correction of the deformity.](gr3){#fig3}

###### 

Distribution of patients by sex -- group I and II.

  Sex      No. of patients group I   No. of patients group II   Mean age group I (years)   Mean age group II (years)
  -------- ------------------------- -------------------------- -------------------------- ---------------------------
  Male     14.0                      8.0                        19.6                       24.4
                                                                                           
  Female   5.0                       1.0                        17.4                       51.0

###### 

Comparison between the sexes in the evolution of degree of kyphosis.

  Sex      Mean initial kyphosis group I (degree)   Mean initial kyphosis group II (degree)   Mean final kyphosis group I (degree)   Mean final kyphosis group II (degree)   Mean % correction group I   Mean % correction group II
  -------- ---------------------------------------- ----------------------------------------- -------------------------------------- --------------------------------------- --------------------------- ----------------------------
  Male     75.4°                                    70.8°                                     37.5°                                  43.4°                                   50.3°                       38.7°
                                                                                                                                                                                                         
  Female   83.8°                                    90°                                       31.2°                                  52°                                     62.8°                       38°

###### 

Results of the treatment -- group I.

  Patient    Age (years)   Sex   Initial kyphosis (degree)   Final kyphosis (degree)   Level of posterior fusion   Follow-up (months)   No. of screws
  ---------- ------------- ----- --------------------------- ------------------------- --------------------------- -------------------- ---------------
  1          15            M     86                          40                        T2-L2                       61.7                 12
                                                                                                                                        
  2          21            M     82                          48                        T3-L3                       55.1                 16
                                                                                                                                        
  3          33            M     80                          50                        T2-L2                       48.8                 20
                                                                                                                                        
  4          22            F     72                          23                        T2-L3                       48.4                 20
                                                                                                                                        
  5          16            M     72                          28                        T4-L2                       51.9                 13
                                                                                                                                        
  6          16            M     66                          30                        T2-L1                       51.6                 11
                                                                                                                                        
  7          18            M     90                          30                        T3-L3                       46.5                 18
                                                                                                                                        
  8          13            M     60                          40                        T4-L2                       43.9                 14
                                                                                                                                        
  9          16            F     90                          30                        T3-L2                       47.6                 15
                                                                                                                                        
  10         20            M     82                          40                        T3-L3                       45.1                 14
                                                                                                                                        
  11         17            F     78                          32                        T4-L2                       26.7                 15
                                                                                                                                        
  12         15            M     65                          30                        T3-L2                       36.6                 16
                                                                                                                                        
  13         21            M     60                          45                        T2-L2                       36.2                 16
                                                                                                                                        
  14         35            M     86                          48                        T3-L2                       21.5                 15
                                                                                                                                        
  15         16            M     69                          28                        T3-L2                       18.5                 19
                                                                                                                                        
  16         16            F     94                          35                        T2-L2                       25.4                 16
                                                                                                                                        
  17         16            F     85                          36                        T2-L2                       14.2                 16
                                                                                                                                        
  18         16            M     72                          28                        T2-L2                       12.6                 19
                                                                                                                                        
  19         19            M     85                          40                        T2-L2                       19.7                 16
                                                                                                                                        
  **Mean**   19            NA    77.6                        35.8                      NA                          37.5                 15.8

Caption: NA -- not applicable; M -- male; F -- Female.

###### 

Results of the treatment -- group II.

  Patient    Age (years)   Sex   Initial kyphosis (degree)   Final kyphosis (degree)   Level of posterior fusion   Follow-up (months)   No. of screws
  ---------- ------------- ----- --------------------------- ------------------------- --------------------------- -------------------- ---------------
  1          19            M     58                          38                        T4-L1                       31                   20
                                                                                                                                        
  2          30            M     78                          45                        T3-L2                       29                   20
                                                                                                                                        
  3          28            M     72                          48                        T2-L2                       26                   26
                                                                                                                                        
  4          20            M     66                          35                        T3-L3                       18                   16
                                                                                                                                        
  5          20            M     75                          54                        T3-T12                      21                   16
                                                                                                                                        
  6          43            M     90                          60                        T2-L3                       28                   28
                                                                                                                                        
  7          51            F     90                          52                        T3-L2                       25                   22
                                                                                                                                        
  8          19            M     70                          33                        T4-L3                       15                   16
                                                                                                                                        
  9          16            M     57                          34                        T3-L1                       13                   15
                                                                                                                                        
  **Mean**   27.3          NA    72.8                        44.3                      NA                          22.8                 179

###### 

Comparative analysis of surgical approaches.

                                                     Dual access          Posterior approach     P value
  -------------------------------------------------- -------------------- ---------------------- ------------------------------------------
  Mean age[\*](#tbl5fn1){ref-type="table-fn"} (SD)   19.0 years (± 5.8)   27.33 years (± 12.2)   0.02[\*](#tbl5fn1){ref-type="table-fn"}
  Maximum kyphosis                                                                               
  Preoperative (SD)                                  77.6 (± 10.4)        72.9 (± 12.0)          0.33
  Postoperative (SD)                                 35.8 (± 8.0)         44.3 (± 9.8)           0.04[\*](#tbl5fn1){ref-type="table-fn"}
  Correction                                                                                     
  ° Postoperative (SD)                               41.7 (± 12)          28.6 (± 6)             0.001[\*](#tbl5fn1){ref-type="table-fn"}
  \% Postoperative (SD)                              53.2 (± 11.9)        39.3 (± 7.8)           0.001[\*](#tbl5fn1){ref-type="table-fn"}

Indicates that the variables are considered significant, with 95% confidence, i.e., there is a difference between the groups (p \< 0.05).
